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PreMevE: A Machine-Learning Based Predictive Model 
for MeV Electrons inside Earth’s Outer Radiation Belt 
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Model Inputs: NOAA-15 electron data in LEO, 
LANL-01A electron data in GEO, and solar 
wind velocity and density data at L1 point.

Model Outputs: Nowcasts, 1-day and 2-day 
forecasts of MeV electron flux spatial 
distributions across outer belt L-shells with a 5 
hr time resolution.
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01. Overview of PreMevE
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o PreMevE is a lightweight and machine-learning 
driven model to predict outer-belt MeV electron 
distributions. 

o Model Inputs:
NOAA-15 E2, E3 and P6 electron counts in LEO 
LANL-01A MeV electron fluxes in GEO
Solar wind velocities and densities measured at L1 point.

o Model Outputs:
Nowcasts, 1- and 2-day forecasts of MeV electron events 
Electron spatial distributions at L-shells between ~3-7 
with a 5 hr time resolution. 
1 MeV, 2 MeV, and >2 MeV electron fluxes
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02. MeV Electron Physics and Prediction
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o MeV electron enhancements are related to the local acceleration 
from local wave-particle resonance and/or radial diffusion.

o Challenges for simulation/prediction:
Global distributions of waves
Specification of seed electron population
Background conditions 
Event specific

o Our Solution:
Continuous measurements from long-standing space infrastructure
Cross-energy, cross-pitch-angle coherence discovered (left plot)
Power of machine-learning algorithms for linear and non-linear relationship
Simultaneous long-term in-situ measurements from Van Allen Probes mission

o Selection of Input Parameters:
Use precipitating seed electrons (POES E2) at LEO to forecast MeV electron levels 
during enhancements (right plot)
Use precipitating relativistic electrons (POES E3 and P6) to forecast MeV electron 
levels during decays
Solar wind conditions to account for radial diffusion; LANL GEO electron fluxes 
included to improve accuracy

o Metaphor Q: How to know the water temperature (=MeV electron 
level) atop a camp fire with no direct measurement? Answer: count 
wood ashes (=precipitation E2) and measure spilled water 
(=precipitation P6).



03. Model Training, Validation and Test
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o Target Data: RBSP-a and LANL-01A MeV electron spin-averaged fluxes over 1289 days; 5 
hourly binned and sorted by L-shells

Only used for model development and NOT NEEDED as model inputs
Many MeV events
Training interval: ~65% of data
Validation: ~14%
Test: ~21%
Model trained for individual L-shells

o Prediction Efficiency (PE) as model performance metric
Calculated for each individual L-shells
Averaged over L-shells for a single PE value for each model
Focus on out-of-sample PE values during validation and test periods



04. Algorithms and Input Parameter Combinations
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o Supervised Learning Algorithms:
Linear regression
Feedforward Neural Networks (top plot for a two neutron 
layers)  
Convolutional NN (CNN)
Long-short-term Memory (LSTM)

o Test Input Parameter Combinations and others: 
Window sizes of past history
Parameter sensitivity (left plot)
NN layers



05. Model Selection and Forecasts
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o 1-day forecasts of >2 MeV electron distributions as 
example

o Top Performer from each of the four categories are 
selected based on the highest out-of-sample PE (top 
table), and forecast results are compared to 
observations (right)

o Model performance depends on L-shells



06. Details of Forecasting Results
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o 1-day forecasts of 1 MeV electron fluxes at L=4.5 during the validation and test periods (days 900 
– 1200) are shown as example

o Black curve is the target; top performers from each of the four categories are clustered in different 
colors (not the blue curve from linear filter)

o Dynamics and flux levels of 1 MeV electron events are well captured
o Most of the onsets are predicted (Y) by the models within the prediction window of 25-hr width.



07. Ensemble Forecasting Results
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o 2-day forecasts of >2 MeV e- fluxes at L=4.5 during validation and test periods are shown as example
o Not one single model outperform others at all L-shells
o The ensemble model generally has the higher PE (the red thick curve in left plot) compared to 

individual models
o Medians of ensemble forecasts (red curve in right plot) capture the observed dynamics (black) well.



08. PreMevE Model Performance: PE Curves
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o PreMevE model makes reliable 1- and 2-day predictions on flux distributions of >2 MeV (red), 2 
MeV (blue) and 1 MeV (black) electrons

o At GEO, the highest PE values are for >2 MeV electron fluxes, similar to those of REFM.
o Take >2 MeV electrons as example, the L-averaged PE has a value of 0.612 for 1-day forecasts, 

and 0.521 for 2-day forecasts, comparing to PE values of 0.677 and 0.572 at GEO.



Summary and Conclusions

Contact: Dr. Yue Chen: cheny@lanl.gov

Coherences (including recently discovered cross-energy cross-pitch-angle 
coherence) in trapped electrons are employed to develop PreMevE for
nowcasting and forecasting MeV electrons in the outer belt, using inputs from 
LEO (POES), GEO and L1 observations. High performance of PreMevE is 
demonstrated by comparing to long-term in-situ data from RBSP, suggesting 
PreMevE be an invaluable tool for satellite operators and decision makers.

Long-standing LEO data are used innovatively here. Existing NOAA POES 
constellation can play a new and powerful role in space weather remote-
sensing and prediction. New opportunity for next-generation LEO (low-cost) 
space weather mission.

Future direction: PreMevE may significantly improve its performance by 
incorporating in-situ data from such as the long-lasting GPS particle 
instruments.


